Abstract: This study aims to represent the first report on population variation of 20 non-metric skull characters in East European vole (Microtus levis) from the Balkan (populations from Northern Dobruja; Southern Dobruja; East part of the Danube Plain; North-east Trace; Sofia field; South-east Trace) and Anatolian peninsulas (populations from North-west Anatolia region and Central Anatolia region), on the basis of which to determine its epigenetic variability and to analyse their mutual geographical epigenetic relations through comparison of the epigenetic divergence among them. Estimation of epigenetic variation of the studied populations of M. levis showed similar pattern of variation, but it is mostly higher than the other rodent species with a similar range of distribution, such as Microtus arvalis, Mus musculus, Apodemus sylvaticus, Apodemus flavicollis and Clethrionomys glareolus. Each one of the studied traits manifested some polymorphism. Moreover, all the calculated epigenetic distances (MMD) were statistically insignificant (P < 0.05) and epigenetic cranial uniqueness (MU) of any studied population was not found. These results reveal lack of expressed geographic relationship of population epigenetic variability in East European vole. The revealed populations epigenetic polymorphism of M. levis gives an opportunity for more complete assessment of variability and biological diversity of this species, but further research is necessary to elucidate its population epigenetics, especially as the data obtained in recent investigations of cranial morphology of the sibling species from the group the M. arvalis (sensu lato) added new locations to the distribution map of the East European vole in Eurasia.
Introduction
Karyological and hybridization investigations carried out on many sympatric forms of the common vole Microtus arvalis Pallas, 1778 (sensu lato) revealed certain genetic heterogeneity and proved the presence of two morphologically sibling species: Common vole Microtus arvalis Pallas, 1778 (sensu stricto) and East European vole Microtus levis = Microtus rossiaemeridionalis Ognev, 1924 = Microtus subarvalis = Microtus epiroticus (Meyer et al. 1969; Malygin 1983; Sokolov & Bashenina 1994) .
The subsequent investigations of the distribution of these sibling voles were based on the main diagnostic features of both morphologically similar species, namely the chromosome number (2n = 46 in M. arvalis and 2n = 54 in M. levis) and the specific electrophoretic mobility of haemoglobin fractions (Malygin 1983) . As a result it was found that the range of Microtus levis extends from Eastern and South-eastern Europe eastwards across Russia and Asia Minor to Lake Baikal in Siberia (for details see Zima 1999; Shenbrot & Krasnov 2005; Zagorodnyuk et al. 2008 ).
Since the species was defined rather recently, further research is necessary to clarify its distribution, especially as the data obtained in recent investigations of the karyotype and cranial morphology of the sibling species M. arvalis and M. levis added new locations to the distribution map of the East European vole in Europe (Suchentrunk et al. 1998; Mazeikyte et al. 1999; Kalcheva & Topashka-Ancheva 2005; Markov & Kocheva 2008) and Anatolian peninsula (Yigit et al. 2007) , manifesting an expansion of M. levis presence in Eurasia.
In contrast to the relatively well known distribution of the East European vole in East Europe, the phenotypic affinities among its populations in other different parts of Eurasia in habitats with diverse ecological conditions were unknown to date. One way of obtaining estimates of the populations' phylogenetic relationships is through the study of skull non-metric traits, mainly the presence of foramina and similar structures for blood vessels and nerves. Their variation is often considered to reflect underlying genetic variation in natural populations (e.g., Berry 1963; Berry et al. 1978; Bauchau 1988 ). Non-metrical variation is suitable to assess genetic variability and divergence among populations (Berry & Jakobson 1975; Sjøvold 1977) , because the appearance of these features results mainly from the basic genetic control, and they are independent of growth and direct external environmental influences and could be qualified as morphological genetic markers (Bauchau 1988) , applied as a morphological tool (Ansorge 2001) in the study and characterization of animal populations.
Cranial non-metrical traits, used in phylogenetic studies (Berry 1975) , have been studied to assess the epigenetic relatedness between populations of different wild mammals (Bauchau 1988) and in recent years special attention was paid to the use of non-metric variation of the cranial traits as a tool for estimation of epigenetic variation in time and space, revealing the genetic relationship, especially in rodents (Ansorge et al. 2012) .
The morphological investigations of non-metric skeletal characters provided an ability to use the mammalian skulls kept in museum collections for genetic studies (Ansorge 2001) . The new opportunity provided by the craniometrical key for species determination of specimens of M. arvalis sensu lato allowed massive craniological material from Balkan and Anatolian peninsulas to be examined and classified as M. arvalis sensu stricto or M. levis (Markov & Kocheva, 2007; Markov et al. 2009 ) and thus, more precise studies on the population epigenetics of the East European vole (M. levis) to be carried out.
This study aims to represent the first report on population variation of non-metric skull characters in East European vole from Balkan and Anatolian peninsulas, on the basis of which to determine its epigenetic variability and to analyse their mutual geographical epigenetic relations through comparison of the epigenetic divergence among them.
Material and methods
Variability of non-metric traits were studied on the skulls of 188 specimens of the East European vole (M. levis) from eight populations. Six of them (POP 1: Northern Dobruja in Romania, 17 specimens; POP 2: Southern Dobruja in Bulgaria, 21 specimens; POP 3: East part of the Danube Plain in Bulgaria, 23 specimens; POP 4: North-east Trace in Bulgaria, 27 specimens; POP 5: Sofia field in Bulgaria, 32 specimens; POP 6: South-east Trace in Turkey, 21 specimens) are located in South-eastern Europe and two (POP 7: North-west Anatolia region in Turkey, 17 specimens; POP 8: Central Anatolia Region in Turkey, 30 specimens) in the Anatolian peninsula (Fig. 1) .
The specimens from POP 1 and 3 specimens from North-east Trace in Bulgaria belong to the collection of the Institute of Vertebrate Biology, Academy of Science of the Czech Republic, Brno and were cytologically identified as belonging to M. levis (Zima et al. 1981) . The specimens from POP 6, POP 7and POP 8 have been deposited in the collection at the Department of Biology, Faculty of Science of Ankara University and were cytotaxonomically identified as belonging to M. levis (Yigit et al. 2007 ). The specimens from POP 2, POP 3, POP 4 and POP 5 were kept in the Institute of Biodiversity and Ecosystem Research of the Bulgarian Academy of Sciences, Sofia and were classified as belonging to M. levis after a craniological examination (Markov & Kocheva 2008) . To verify the species identification of M. levis inhabiting meadows near agricultural areas and rivers, covered with steppe-like grass communities, semi-shrub and shrub vegetation and agricultural lands under autumn cereals in Bulgaria, the method of specific electrophoretic mobility of haemoglobin fractions proposed by Malygin (1983) was applied to some individuals from these populations.
In addition, the species classification of all the studied specimens to M. levis was checked and confirmed by discriminating craniological function with high classification ability (100% exact species classification) of specimens from the sibling species to either M. levis or M. arvalis, inhabiting South-eastern Europe and Anatolian peninsula (Markov et POP al. 2009); it consists of four measurements (Cranial height between bullae ossae; Alveolar length of upper molars; Zygomatic width and Length of incisive foramen), which did not show sexual dimorphism in the studied species. The age of the specimens was determined according to Bashenina (1953) . Only skulls in good condition from adult individuals were analyzed. The appearance of 20 cranial traits, representing orifices of nerves and blood vessels, was recorded. These traits were chosen from the ones used by Berry (1963) , Berry & Searle (1963) and Hedges (1969) for rodents, were observed on the skull's left side and their status was read as shown in Table 1 .
On the grounds of the established frequency distribution of the 20 examined epigenetic characters the Epigenetic variability (Vi) after Smith (1981) and the Mean measure of divergence (MMD) after Sjøvold (1973) between each single sample and all the others were computed. Measure of uniqueness (MU) was calculated after Berry (1963) for each sample as a sum of its statistically significant (P < 0.05) epigenetic distances from the other samples.
A dendrogram of epigenetic phenetic similarity was constructed on the basis of the revealed phenotypic frequencies of the 20 studied traits in the 8 populations using the cluster (UPGMA) analysis of the statistical package Statistic for Windows (1993) .
In spite of the absence of sexual dimorphism in the studied non metrics cranial characters in rodents, established in some previous studies, the independent appearance of the features studied in males and females from the same locality was examined by applying the χ-test to determine whether there are significant differences among sexes. The proved absence of sexual dependence in the studied characters permitted to pool the specimens of both sexes into one sample. These pooled population samples were subject of the study of the intraspecific epigenetic polymorphism of the East European vole in South-eastern Europe and Anatolian peninsula.
Results
The frequency distribution of the 20 examined nonmetric traits characterizing population epigenetic cranial polymorphism of the East European vole in the studied territories is presented in Table 2 . It is specific for each particular population. There are no traits, which have not indicated any polymorphism. Some of them revealed differences in frequency distribution with the other traits in different population close to the maximum (N2 in populations 1, 2, 3 and 8; N5 in populations 1, 2, 5 and 8; N8 in populations 1, 6 and 7; N15 in all populations) or close to the minimum (N6, N11, N19 and N20 in all populations). The estimation of the similarity of observed frequencies of the epigenetic craniological traits in the East European vole in the studied region manifests the specificity of their distribution in the general studied complex of 20 epigenetic indices of craniological diversity; they were divided into four main groups according to the numerical values of the expressed polymorphism (Fig. 2) .
Estimation of epigenetic variation of the studied populations of East European vole in the studied region (Table 3) showed the lowest value in POP 7 (Northwest Anatolia region), which was by 78.5% lower than the closest value observed in POP 2 (Southern Do- bruja). The highest epigenetic variation was found in POP 8 (Central Anatolia Region) -3.86, which was only by 3.0% higher than the next, observed in POP 4 (North-east Trace). Thus, they manifested similar pattern of variation. Moreover all the calculated epigenetic distances (MMD) were statistically insignificant (P < 0.05) (Table 3 ) and epigenetic cranial uniqueness (MU) of any studied population was not found.
At the same time, the phenotypic epigenetic similarity of the studied populations revealed through clustering (Clustering method: tree clustering; Amalgamation rule: unweighted pair-group average; Distance measure: Euclidean distances) of the obtained frequency distributions of the 20 craniological traits (Fig. 3) revealed the greatest degree of similarity between the both populations from the Asiatic part of the species range (Anatolian Peninsula), followed by two populations from the European part -POP 3 (East part of the Danube Plain) and POP 4 (North-east Trace. Around them are grouped the other Bulgarian populations together with the population from the European part of Turkey (POP 6: South-east Trace). The most northern population (POP 1: Northern Dobruja) was detached as a separate cluster.
Discussion
The population epigenetic variability of the East European vole (M. levis) in the investigated region of its Eurasian area showed small differences. The average population epigenetic variation in the studied region was Vi = 2.804, and the average variation of the European and Asiatic populations was 2.831 and 2.725, respectively, differing only by 3.744%. Thus, they manifested similar pattern of epigenetic variation even in the geographically most distant populations. The highest difference among the European populations -46.10% was found between POP 4 (North-east Trace) and POP 2 (Southern Dobruja), which are not very distant geographically. These results suggest the lack of expressed relation between the geographic location and the population epigenetic variation in the East European vole. Surprisingly, the East European vole, being a small mammal species with reduced possibilities of migration and gene flow, manifested mostly higher population variation than the other rodent species with similar range and population numbers: Microtus arvalis (Pallas, 1779), Vi = 0.15 (Uhlíková 2004) and Mus musculus (L., 1758), Vi = 0.12, (Lazarová 1999 ) from the Czech Republic; Apodemus sylvaticus (L., 1758), Vi = 0.13 (Markov & Chassovnikarova 1999) , Apodemus flavicollis (Melchior, 1834), Vi = 0.11 (Markov & Gospodinova 1999 ) from Bulgaria and Clethrionomys glareolus (Schreber, 1780), Vi = 0.19 from Austria (Spitzenberger et al. 1999) .
The high epigenetic variability of the East European vole established in this study is in agreement with the opinion that the isolation from the main population increases the chance of local extinction (Burkey 1995) , while isolation and small population size increase the fixation rate of new characters (Saccheri et al. 1998) and is confirmed by the analysis of the statistical significance of the obtained epigenetic distances between the examined populations -none of them was statistically significant (P-level = 0.05). This result suggests that although being treated as a pest in agriculture together with many sympatric forms of M. arvalis and put to numbers control, the development of natural processes in this species is still undisturbed and the human influence still had not resulted in the usual problems of the small mammals, such as high extinction rates, a loss of biodiversity, and a lower persistence of local communities against disturbance (Tilman 1996) .
The main cranial non-metric epigenetic characteristics of the East European vole was so far unknown. As it was described for the first time through the 20 non-metric craniological traits, an opportunity was revealed to determine the epigenetic variability and the mean measure of divergence between East European vole populations from the main species habitats in the South-eastern Europe and Anatolian peninsula.
The established population frequency distribution of epigenetic craniological traits in populations, which originate from habitats with diverse ecological conditions and probably have different genetic history, demonstrate a wide spectrum of expressed polymorphism and reveal the specificity of their distribution within the studied complex of 20 epigenetic traits; thus, it is completely characterized from epigenetic craniological point of view. This characteristic and the applied scheme of traits transform the epigenetic population analysis of this species into a useful tool. It is particularly invaluable in cases, where only craniological museum specimens are available, especially having in mind that in the second half of the last century large collections of specimens of the common vole M. arvalis (sensu lato) have been gathered in many museum and research institutes, usually including unidentified specimens of M. levis, too. The examination of these collections with preliminary craniological classification of the specimens as belonging to M. arvalis (sensu stricto) or M. levis (Markov et al. 2009 ) would expand the scientific knowledge about the epigenetic population determination of the species in Eurasia.
